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IV 
Concerns about the sustainability of catfish populations that produce large fish 
have increased because of abundant media images of large catfish and improvements in 
specialized fishing equipment. This study will help biologists address these concerns by 
providing important information about the channel catfish lctalun1s punctarus and 
flathead catfish Pylodictis olivaris populations of the James and Big Sioux rivers and by 
assessing the effectiveness of various gears used to sample catfish. I compared the 
number of channel catfish and flathead catfish caught on trotlines by riverine habitat type, 
hook type, and bait type along with electrofishing and different hoop net combinations. 
All gear comparisons were based on 96 hoop net sets and 96 trotline sets split equally 
between two baiting options and 79.6 hours of electrofishing effort. Soybean baited hoop 
nets caught 736 channel catfish compared to 108 channel catfish caught in unbaited hoop 
nets. Flathead catfish were caught most readily by low-pulsed DC electrofishing and 
live-baited trotlines. More channel catfish (177) than flathead catfish (4) were caught on 
v 
trotlines baited with cut common carp Cyprinus carpio, especially when trotlines were set 
in runs with moderate amounts of woody debris and over predominantly silt substrates. 
More flathead catfish (82) than channel catfish (65) were caught on trotlines baited with 
live black bullheads Ameiurus me/as, especially if set along river bends with depths > l 
m and with complex woody debris. Sea-circle hooks caught 70 catfish compared to 136 
catfish that were caught on O'Shaughnessy style hooks and 122 catfish caught on 
modified circle hooks. The best sampling gears for collecting channel catfish in South 
Dakota rivers were soybean baited hoop nets, but for flathead catfish a combination of 
electro fishing and live baited trotlines was most effective. Catfish populations of both 
the Big Sioux and James rivers showed distinct differences. Stock length and longer 
catch per unit effort estimates (CPUE-S) for Big Sioux River channel catfish (CPUE-S = 
5/net-night) were lower than estimates for James River channel catfish (CPUE-S = 
1 O/net-night). Flathead catfish relative abundance was similar between rivers for live-
bait trotlines (Big Sioux River CPUE-S = 0.5/trotline-night, James River CPUE-S = 
1.1/trotline-night). The Big Sioux River and James River catfish populations exhibited 
similar total mortality. However, growth was slower and condition for catfish longer 
than memorable length was less for the Big Sioux River when compared to the James 
River. Channel catfish were 4.5 times as common as flathead catfish in the James River 
but both channel and flathead catfish grew rapidly and had relative weight values around 
the 751h percentile, when compared to other rivers. Cohort strength was correlated with 
mean annual discharge for both rivers and both flathead and channel catfish populations 
showed similar trends. The catfish populations of the Big Sioux and James rivers have 
Vl 
benefited from eight years of flows above historical averages, thus providing support for 
the flood pulse theory. Biological, sociological and hydrological conditions currently 
exist to develop the James River into a trophy catfish fishery. 
Vil 
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Chapter 1 
Introduction and study area 
Introduction 
In a 1996 nationwide survey, 7 .4 million Americans indicated that they fished for 
catfish (USDI 1996). In Iowa, where the state record (28. l kg) blue catfish lctalurus furcaws 
came from the Big Sioux River, channel catfish /cta/urus punctatus rank number one in 
angler interest (Lutz et al. 1995). In South Dakota, the two most abundant and desirable 
game fish in the lower portions of both the Big Sioux and James Rivers are flathead catfish 
Pylodictis olivaris and channel catfish (Doorenbos et al. 1996). The second largest channel 
catfish ever recorded (24.9 kg) came from the Jam es River and photographs of large catfish 
have been shown for years by the local news media. Media attention has lead to increased 
trophy angling for catfish on the James and Big Sioux rivers heightening angler concerns 
about the sustainability of these catfish populations (Doorenbos et al. 1999). 
Collecting catfish population data and establishing monitoring protocols for South 
Dakota require investigation of several types of sampling methods. Knowledge is lacking for 
effective catfish sampling gears (Vanderford 1984; Marshall 1991; Michaletz and Dillard 
1999). Sampling catfish with hoop nets is common and the effects of hoop sizes. mesh sizes, 
net configurations, and baits used have been documented (Pierce et al. 1981; Holland and 
Peters 1992; Jackson and Jackson 1997). These studies determined that baited hoop nets 
catch more channel catfish than unbaited hoop nets and that hoop nets with 0.8 m openings 
and 38 mm (bar measure) mesh sizes catch larger but fewer fish than hoop nets with 0.6 m 
openings and 25 mm (bar measure) mesh sizes. The number and species of catfish collected 
2 
by different sampling methods have never been tested for rivers in South Dakota. Studies 
indicate that trotlines are an efficient gear for collecting large catfish but information on bait 
types, hook styles and trotline placement is lacking (White 1961; Stauffer et al. 1996; 
Michaletz and Dillard 1999; Stauffer and Koenen 1999). Evaluating gears used to sample 
channel and flathead catfish with an emphasis on trotlines would provide information useful 
to future catfish research. 
Angler concerns about catfish populations in the Big Sioux and James rivers can be 
addressed by biologists provided that sufficient data, based on a suite of indices, are 
available. The first step in gathering management information has been accomplished for 
rivers throughout the state by collecting data on the presence or absence of ictalurids (Berry 
et al. 1993; Braaten 1993; Deiterman 1995; Loomis 1997; Doorenbos 1998; Hampton 1998; 
Young et al. 1998). The next step in managing catfish populations involves collecting 
additional information on specific populations to develop comparison indices to establish an 
information baseline. Baseline information for channel catfish growth and mortality has 
been collected from the James River and these data can be used to evaluate trends over time 
and after periods of different flows (Kubeny 1992). Historical growth information is lacking 
for channel catfish from the Big Sioux River and for flathead catfish from both rivers. Once 
baseline data are collected for South Dakota catfish populations, comparisons with other 
populations can occur, and data are abundant for regional waters (Guier et al. 1981; 
Paragamian 1990; Topp et al. 1994; Stauffer et al. 1996; Quist and Guy 1998; Hubert 1999). 
Information from several populations allows larger ecological questions to be investigated 
(Brown et al. 1995; Doorenbos et al. 1999). Gathering extensive information on the 
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abundance, health, distribution, condition and growth of two catfish species from the Big 
Sioux and James rivers will allow agency professionals to monitor population trends over 
time and make important future management decisions. 
Assessment of population characteristics for catfish from the Big Sioux and James 
rivers will provide information to managers on the potential development of a trophy catfish 
fishery, and establish methods for monitoring these fisheries. The first objective of this study 
was to assess the effects of bait types, hooks styles, and trotline placement when collecting 
catfish using trotlines. A second objective was to compare the number of channel and 
flathead catfish collected amoung trotlines, hoop nets, and electrofishing, thus providing 
information that can be used to standardize future catfish sampling. The third objective was 
to describe the status of channel and flathead catfish populations from the Big Sioux and 
James rivers with an emphasis on catfish of preferred length (channel catfish 610 mm, 
flathead catfish 710 mm) and larger. All three objectives help to fulfill South Dakota Game, 
Fish and Parks, Strategic Approach to Management, strategy 3.2 (Koth et al. 1994). 
Study Area 
The Big Sioux and James rivers are the two largest tributaries to the Missouri River 
located in eastern South Dakota (Figure 1-1 ). Beneficial uses outlined for the lower Big 
Sioux River (state code section 74::03:04:06) include: 1) warmwater semipermanent fish 
propagation, 2) immersion recreation, and 3) limited contact recreation. The Big Sioux River 
drains a basin of21,818 krn2, collecting water from Minnesota, Iowa and South Dakota 
forming the border between the latter two states (Burr et al. 2000). The most downstream 
Big Sioux River Study Arca 
James River Study Area 
Figure 1-1: - Study areas on the Big Sioux and James rivers and their location in South 
Dakota. 
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gauging station operated by the U.S. Geological Survey is located at Akron, IA 
(#06485500). Akron gauge data collected since 1928 show: l) widely varying monthly 
flows, 2) peak discharges occurring in April, 3) a secondary peak in June, and 4) minimum 
flows occurring in January (Figure 1-2). Historical mean annual discharge is 35 m3/s and 
average conductivity is 800 µSiem (Burr et al. 2000). 
Beneficial uses for the lower James River (state code section 74:03:04: 19) include: 1) 
warmwater semipermanent fish propagation and, 2) limited contact recreation. The James 
River drains a basin of 53,491 km2, extending north from the southern border of South 
Dakota and into North Dakota. The most downstream gauging station operated by the U.S. 
Geological Survey is located at Scotland, SD (#06478500). Scotland gauge data collected 
since 1928 shows l) widely varying monthly flows, 2) peak discharges occurring around 
April, and 3) minimum flows occurring between January and February (Figure 1-2). Historic 
mean annual discharge is 17 m3/s and average conductivity is 1.400 µSiem (Burr et al. 2000). 
The lower sections of the Big Sioux and James rivers are characterized as sluggish, 
turbid, prairie streams that drain the northern glaciated ecoregion (Doorenbos et al. 1999). 
These rivers meander through mostly private land with riparian areas comprised of gallery 
forests except in cleared areas where agricultural uses (row crops and cattle grazing) occur up 
to the water's edge. Both rivers have temperature ranges from 0 to 28° C. average stream 
widths< 50 m and turbidity that is commonly above 25 NTU. 
Fisheries research conducted for the Big Sioux River has identified 48 fish species 
with channel catfish and black bullheads Ameiurus me/as being the most abundant game fish 
(Dieterrnan 1995). Walleye Sitzostedio11 vitreum populations showed fast growth and 
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average densities when compared to other north-central United States rivers (Fisher 1996). 
Anglers along the Big Sioux River were surveyed in 1995 and channel catfish were the most 
commonly sought fish species (Doorenbos et al 1996). Currently a study is underway to 
identify longitudunal differences in the channel catfish population of the Big Sioux River 
(Kirby 2001 ). This concurrent study and my results are complementary and will enhance the 
understanding of catfish population structure and dynamics in the Big Sioux River. 
The fish community of the James River supports about 30 species of fish and higher 
densities of adult fish were found in complex habitats when compared to simple habitats 
(Walsh 1992). In 1990-1991, the channel catfish population was characterized as fast 
growing and had relatively low total annual mortality (26%). Channel catfish were 
associated with 1) log complexes, 2) water depths of 1-2 m, and 3) sandy substrates. Aquatic 
macroinvertebrates from the James River were studied and 72 taxa were found in rocky 
habitats, 35 taxa were found in snag habitats, and 25 taxa were found in mud habitats 
(Schumacher 1995). A concurrent study to create an index of biotic integrity will provide an 
important assessment tool for monitoring the ecological health of the James River (Shearer 
2001). 
Selection of sampling locations 
Only the lower portions of the Big Sioux and James rivers were included in my study 
because past evaluations have documented flathead catfish only in these areas (Doorenbos et 
al. 1999). Study sites were selected within the lower river reaches of both rivers, from the 
Missouri River confluence to the first low-head dam with a vertical rise of >2 m. The first 
low-head dam with a vertical rise over 2 m on the Big Sioux River is located at the old town 
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Figure 1-2: - Hydographs for the Big Sioux (A) and James (B) rivers showing mean monthly 
flows over a complete water-year based on historic data from 1929 to 2000. 
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site of Klondike, IA (river km 189) and on the James River at Milltown (river km 117). 
Specific study segments were selected based upon the location of maintained boat ramps. 
The Big Sioux River study area was from Klondike Dam to a point 9.6 km 
downstream of the Westfield, IA access. In years of excessively high flows fish might 
migrate further upstream but no reports of flathead catfish above Klondike Dam could be 
found. The lower Big Sioux River study area provides homogeneous catfish habitat 
characterized by many snags and a confined, shallow channel with sandy substrate. The 
study segment below Klondike Dam has often been reported in newspaper accounts about 
trophy catfish. Study segments were located at 1) Klondike Dam (downstream only), 2) 
Highway 18 bridge access, 3) Carr's Landing, (near the town of Hawarden, IA), 4) Akron, 
IA, and 5) Westfield, IA (Figure 1-3). 
The James River study area extended from 9.6 km above Wolf Creek Dam to 9.6 km 
below the access at Highway 81 just north of Yankton, SD. This study area was chosen 
because of the large number of lowhead dams located above Wolf Creek. These low-head 
dams were assumed to represent a barrier to upstream migration during normal flows. The 
James River has a very slight gradient with an extensive flood plain and predominantly silt 
substrates. Large woody debris is more sparse than on the Big Sioux River and a large scale 
tree clearing operation in selected riparian areas is under way that could potentially reduce 
future natural inputs of this important catfish habitat. Study segments selected were 1) 
upstream at Wolf Creek Dam, 2) both up and downstream at Olivet, and 3) both up and 
downstream at Highway 81 (Figure 1-4). Sampling effort was based on a 4.8 km study reach 
to balance the experimental design. 
Klondike - sampled downstream 4.8 km. 
Highway 18 - sampled upstream 4.8 km 
and downstream 4.8 km. 
Carr's Landing - sampled upstream 4.8 km and 
downstream 4.8 km. 
Akron - sampled upstream 4.8 km and downstream 
9.6km. 
Westfeild - sampled upstream 9.6 km and 
downstream 9.6 km. 
Figure 1-3. - Big Sioux River study area with locations of the study segments including 
access name, direction sampled, and distance sampled. 
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Wolf Creek Dam -
upstream 9 .6 km 
Highway 81 upstream 19.2 
km and downstream 9.6 km 
Olivet access upstream 
9.6 km and downstream 
9.6km 
Figure 1-4. -James River study area with locations of the study segments including 
access name, direction sampled, and distance sampled. 
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Chapter 2 
Assessing various gears used for sampling catfish in South Dakota Rivers with 
emphasis on trotline hook styles, bait types and habitats sampled. 
Introduction 
11 
Relatively little is known about gears used for sampling riverine catfish 
populations (Vanderford 1984; Marshall 1991; Michaletz and Dillard 1999), particularly 
trotlines, which have been used by commercial fishers for many years (White 1955). 
Trotlines are used in some states to assess catfish populations, but information on specific 
protocols is lacking (White 1961; Stauffer et al. 1996; Michaletz and Dillard 1999). 
Trotlines are sometimes used to compliment other gears (e.g. hoop nets, electrofishing) 
for sampling channel catfish and flathead catfish (Topp et al. 1994; Stauffer et al. 1996). 
Trotlines can be constructed in different ways but few guidelines have been suggested 
(Johnson 1987). Hooking mortality for channel catfish caught on trotlines is <20% and 
<15% for flathead catfish (Muoneke 1991; Ott and Storey 1991). Baits affect hoop net 
catches (Pierce et al. 1981; Holland and Peters 1992; Tillrna et al. 1997), but no 
information is available on the selectivity of baits used on trotlines. My first objective 
was to compare flathead and channel catfish catches on trotlines with three hook styles, 
two bait types and, different riverine macrohabitats. The second objective of this study 
was to compare catches of catfish using trotlines, hoop nets, and electrofishing. 
Methods 
Catfish were collected from the Big Sioux and James rivers using electrofishing, 
trotlines, and hoop nets. All captured fish were handled using guidelines for the use of fish in 
research (Anonymous 1996). Fieldwork was done in July and August of 1999 and 2000 
on the Big Sioux River, and in July and August 2000 on the James River. 
Trot lines 
12 
Twelve 4.8-km-long reaches on each river were sampled using eight trotlines per 
reach. Four trotlines were baited with 100 to 200-mm-long live black bullheads and four 
trotlines were baited with pieces of common carp Cyprinus carpio. Trotlines had a 136-kg 
test main line with 10 droppers of 81.6-kg test net twine (Figure 2-1 ). The droppers were 
spaced 1.2 m apart with every other hook alternating between circle and j-style hooks as in 
Johnson (1987). I used O'Shaughnessy (Mustad #34009, stainless steel) and sea-circle 
hooks (Eagle claw #190, carbon steel), which have been used by commercial fishers and 
researchers (Ott and Storey 1991; Stauffer et al. 1996). I also used modified circle hooks 
(Pierce #AA-11-5040, cadmium steel) because popular articles tout these hooks as being 
superior to others (Hoffinan 1999). To standardize hook gap distance (hook point to 
shank), 3/0 0 1Shaughnessy, modified circle hooks, and 6/0 sea-circle hooks were used 
(Figure 2-2). Trotlines were set before dusk and retrieved after dawn to include both the 
morning and evening crepuscular periods. 
Trot/ine habitat data 
Trotlines were set during nighttime hours in reaches classified as either a run or 
bend. Density of woody debris visible above the surface within 50 m of each trotline was 
categorized as low (one-two logs, random distribution), moderate (three-five logs or one-
two trees with branches, random distribution), or high(> five logs and trees with 
13 
Total trotline length 15.2 m 
Main line length 13 .2 m 
Stop Knot 
Hook 
Figure 2-1: - Schematic oftrotlines used to collect catfish in the Big Sioux and James Rivers, 
1999-2000. 
1-1 cml 
Figure 2-2. - Hooks tested during this study from left: 3/0 O'Shaughnessy. 3/0 modified 
circle, and 6/0 sea-circle. 
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branches, patchy distribution). A calibrated depth rod was used to detennine water depth 
and dominant substrate, which was recorded as boulder, gravel, sand, silt, or clay. 
Hoop nets 
Two-baited and two-unbaited hoop nets (one measuring 0.8 mat the opening with 
five-hoops and a bar measure mesh of 38 mm; one measuring 0.6 m at the opening with five-
hoops and a bar measure mesh of25 mm) were placed in each 4.8-km study reach (Holland 
and Peters 1992; Tillma et al. 1997). Using two different sizes of hoop net-openings and two 
mesh sizes allowed capture of different size structures of catfish (Tillma et al. 1997). Hoop 
nets were placed in the most constricted outside bend and set in tandem with the larger net 
nearest the bank. Hoop nets were alternated between being baited with soybean cake and 
unbaited (Pugh and Schramm 1998). Baited hoop nets were detennined by the toss of a coin, 
fished for one night before catch data were collected, then reset for a second night with the 
opposite baiting option. 
Electrojislring 
Electrofishing was conducted using low-pulse-width techniques outlined in Quinn 
( 1986), Gilliland (1987), and Justus (1994). Electrofishing equipment included a gasoline-
powered generator with variable voltage pulsator (Coffelt VVP-15) set at a frequency of20 
Hz. Adjustments were made in the field to account for differences in conductivity (Hill and 
Willis 1994) and water temperature. Electrofishing was conducted in a downstream direction 
at approximately the same speed as the current. Two dip net operators were used to increase 
efficiency during electrofishing (Quinn 1986). 
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Data analysis 
Length and weight of each fish were recorded, and catch data were summarized as 
catch per unit effort (CPUE=number of fish caught/unit of gear effort) by river and by 
gear. Trotline data were reported as catch per hook to adjust for hooks that did not fish 
properly and reported as catch per trotline to reduce the incidence of zero catches, which 
is similar to units of measure for other passive gears. Chi-square tests (x.2) were used to 
compare species and number of fish caught on trotlines for bait type and channel 
classification (Conover 1999). Multiplet-tests were used to compare the effects of hook 
style, substrate type, water depth and woody-debris classification (Holland and Peters 
1992; Conover 1999). Differences in hoop net catches were tested using x2 for net size 
and baiting option. No statistical analysis was used to compare between electrofishing, 
hoop nets, and trotlines catches; instead, number of fish collected was used to select the 
gears evaluated for population comparison data. 
Results and Discussion 
Trotlines caught 242 channel catfish and 86 flathead catfish. Hoop nets caught 
844 channel catfish and 50 flathead catfish. Pulsed DC electrofishing resulted in 195 
channel catfish and 626 flathead catfish being collected. Live-baited trotlines were more 
efficient than hoop nets for collecting flathead catfish in this study (Table 2-1) and from 
the Minnesota River (Stauffer and Koenen 1999). Electrofishing collected the most 
flathead catfish followed by live-baited trotlines and hoop nets, but mean length and 
weight was smaller for catfish collected using electrofishing than among the other gears 
tested. Few channel catfish were collected using electrofishing because methods were 
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specifically designed for flathead catfish (Quinn 1986; Gilliland 1987; Justus 1994). The 
different numbers of catfish caught in various gears demonstrate that an appropriate gear 
should be selected for the species of catfish sought and the type of study being conducted. 
Trotlines were briefly mentioned in a recent review of catfish sampling protocols 
for riverine environments, but the authors favored pulsed DC electrofishing for sampling 
flathead catfish (Vokoun and Rabeni 1999). My data suggest that pulsed DC 
electrofishing was biased toward small flathead catfish (Figure 2-3) and similar results 
were reported in other studies (Robinson 1994; Stauffer and Koenen 1999; Vokoun and 
Rabeni 1999). These data suggest that live-baited trotlines should be considered for 
collecting flathead catfish if pulsed DC electrofishing is ineffective or if fish longer than 
400 mm are needed. A combination of DC electrofishing and trotlines might yield better 
population data although methods that balance the effort between two gears to achieve a 
true random sample remain elusive. Data from two gear types can provide a check and 
balance system for trend evaluation. 
My study partitioned data to identify which specific gear manipulations 
influenced catches for trotlines and hoop nets. When sampling with trotlines, bait types 
significantly influenced the number and size of fish caught. Trotlines baited with 
common carp selected for channel catfish (t-test; df= 1; P<0.0001 ), whereas trotlines 
baited with black bullhead were not species selective (Table 2-1 ). However, the trotlines 
baited with live black bullheads produced a higher catch of flathead catfish (t-test; df=l; 
P<0.0001) than did those baited with chunks of common carp, probably because flathead 
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Table 2-1.- Characteristics of flathead and channel catfish collected by different gears 
from the Big Sioux and James rivers, SD during the summers of 1999 and 2000. Catch 
per unit effort (CPUE) calculated by dividing the number of fish caught by 96 trotline-
nights, 96 hoop net-nights, and by 39.8 hours of electrofishing. FCF=flathead catfish, 
CCF=channel catfish. 
Gear Number CPUE Mean catfish Mean catfish weight 
type caught length (mm± SD) (g± SD) 
FCF CCF FCF CCF FCF CCF FCF CCF 
Trotlioes1 
Bullhead 82 65 0.85 0.68 633 585 3.420 2,052 
baited (±111) (± 100) (± 2,280) (± 1,060) 
Cut-carp 4 177 0.04 1.84 611 505 2704 1,333 
baited (± 13) (± 114) (± 233) (± 952) 
Hoop oets2 
Unbaited 26 108 0.27 1.1 621 442 3,863 1,036 
(± 178) (± 137) (± 4,825) (± 1,074) 
Soybean 24 736 0.25 7.7 641 436 4,145 920 
baited (± 180) (± 130) (± 4,876) (± 929) 
Small 21 435 0.21 4.5 577 368 2.483 550 
(± 120) (± 118) (± 2,114) (± 718) 
Large 29 409 0.30 4.3 680 510 5,344 1,334 
(± 208) (±101) (± 6,029) (± 1,000) 
EF1 
Pulsed 626 195 15.7 4.9 371 145 1,392 76 
DC (+ 200) (+ 90) (+ 2,852) (± 334) 
1 Trotlines had ten hooks each. 
2 Small hoop nets had 0.6-m opening and 25-mm mesh, large hoop nets had 0.8-m 
opening and 38-mm mesh, unbaited and soybean baited hoop net data pooled for large 
and small hoop nets, large and small hoop net data pooled for unbaited and soybean 
baited hoop nets. 
3 EF= downstream 20 HZ pulsed DC electrofishing. 
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Figure 2-3.- Length frequency distribution of flathead catfish caught from the James and 
Big Sioux rivers, SD using 20 hz pulsed DC electrofishing during the summers of 1999 
and 2000. 
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catfish feeding mostly on live prey and are more picivorous than channel catfish (Jackson 
1999). Most channel catfish and all flathead catfish caught on black bullhead baited 
trotlines were longer than 400 mm (Figure 2-4 ). The results of this study were similar to 
those of others (Topp et al. 1994; Stauffer et al. 1996; Stauffer and Koenen 1999). 
Catch by species did not depend on hook style, (x2; df= 1; P<0.15), so data were 
pooled for both species. The total catch of 70 fish on sea-circle hooks was lower than 
that for O'Shaughnessy hooks (N = 136) or modified circle (N=l22) hooks based on 
CPUE data (t-test; df=2; P<0.025). These results were similar to those of Orsi et al. 
(1993) who found sea-circle hooks caught significantly fewer Oncorhynchus spp. than 
did O'Shaughnessy hooks in a salmon troll fishery. My data suggests that 
O'Shaughnessy hooks should be used for trotlines when designing a standard sampling 
program. Macrohabitats influenced the number of fish caught on trotlines. Most flathead 
catfish were caught in river bend areas (x2; df=l; P<0.05) with water depths~ 2 m (t-
test; df=2; P<0.05) where highly complex woody debris was present (Table 2-2). Most 
channel catfish were caught in straight river sections (x2; df=l; P<0.025) with 
predominantly silt substrates (t-test; df=2; P<0.001) where moderately complex woody 
debris was present (t-test; df=2; P<0.001). Data from the Red River (Topp et al. 1994) or 
the Minnesota River (Stauffer and Koenen 1999) could not be compared with this study 
because trotline designs differed among studies. This research shows that comparing 
trotline data between rivers maybe difficult because experimental design would have to 
account for several potential biases including hook type, bait type, and trotline placement. 
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Figure 2-4.- Length frequency histograms of catfish collected from the Big Sioux and 
James rivers, SD in the summer of 1999 and 2000: A. channel catfish caught on trotlines 
baited with live black bullheads; B. channel catfish caught on cut common carp baited 
trotlines; C. flathead catfish caught on trotlines baited with live black bullheads; and D. 
flathead catfish caught on cut common carp baited trotlines. 
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Table 2-2.- Total catch, effort, and catch rates (CPUE= number of catfish caught/hook 
and number of catfish caught/trotline) by habitat category for both channel and flathead 
catfish. 
Channel catfish Flathead catfish 
Habitat variable 
Trotline Number CPUE Number CPUE 
sets caught (hook) I (troUine) Caught (hook)a (troUine) 
Channel characteristic 
Bend 128 136 0.106A 1.1 65 0.051 A 0.5 
Straight 68 99 0.146 8 1.5 20 0.029 B 0.3 
Complexity of woody debris 
Low 32 34 0.106 A 1.1 8 0.025 A 0.3 
Moderate 37 69 0.186 B 1.9 12 0.032 A 0.3 
High 109 110 0.101 A 1.0 48 0.044 A 0.4 
Substrate type 
Hard bottom ~ 34 31 0.091 A 0.9 18 0.053 A 0.5 
Sand 94 79 0 .084 A 0.8 31 0.033A 0 .3 
Silt 86 131 0.152 B 1.5 37 0.043A 0.4 
Depth range (m) 
0.00-0.99 18 23 0.128 A 1.3 1 0.006 A 0.1 
1.00-1 .99 130 161 0.124 A 1.2 53 0.041 B 04 
~2.00 55 57 0.104 A 1.0 32 0.058 B 0.6 
Total catch 214 242 0.113 1.1 86 0.04 0.4 
a. CPUE values with the same letters within a row were not significantly different at 
oc=0.05 (x2 test for channel characteristics, multiplet-test for other habitat variables). 
b. Combinations of rip rap (rock), gravel, and packed clay. 
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Adherence to rigid sampling protocols can reduce trotline catch rate variability (Hubert 
1996). With rigid sampling protocols, researchers and managers can use trotlines for 
sampling catfish, especially if large flathead catfish are needed to fulfill study objectives 
(e.g. trophy fish management), or when other gears prove ineffective. 
These data suggest that channel catfish were collected most effectively by 
soybean-baited hoop nets, although trotlines baited with cut common carp were also an 
effective gear (Table 2-1 ). Baited hoop nets caught more channel catfish than unbaited 
hoop nets (x.2; df=l; P<0.001). Hoop diameter and mesh size did not affect the numbers 
of channel catfish caught, but hoop nets with a large opening and mesh size caught larger 
fish (x.2; df=l; P<0.003) than hoop nets with a small opening and mesh size (Figure 2-5). 
These results support findings of other research where hoop nets with larger openings and 
mesh sizes captured a larger size structure of channel catfish (Holland and Peters 1992; 
Tillma et al. 1997). However, the number of channel catfish collected did not differ with 
hoop net opening and mesh size whereas other researchers suggested that hoop nets with 
smaller openings and mesh sizes should collect more channel catfish (Holland and Peters 
1992; Tillma et al. 1997). 
Comparing catches of flathead and channel catfish on trotlines by hook style, bait 
type and trotline placement identified which factors influence catch rates. Researchers 
using trotlines to sample catfish must consider baits used and habitat variables associated 
with their study site, as these factors can greatly influence the number and species of 
catfish collected. When used correctly, trotlines can be an effective, selective, and 
flexible gear for collecting flathead and channel catfish. 
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Figure 2-5.- Length frequency distribution of channel catfish caught in small hoop nets 
(A) and large hoop nets (B) from the James and Big Sioux rivers, SD during the summers 
of 1999 and 2000. 
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However, when the number of catfish collected using trotlines was compared to 
electrofishing and hoop net catches trotlines were found to be less effective. Flathead 
catfish were easily collected using 20-Hz pulsed DC electrofishing but variability 
between sites was high and many fish <300 mm were collected. The high variability in 
catch rates between sites of electrofishing for flathead catfish may limit the usefulness of 
this gear to fulfill certain study objectives. Live baited trotlines can provide an 
alternative gear for collecting flathead catfish in structurally complex habitats or to 
supplement electrofishing data. 
Baited hoop nets represent the best method for collecting riverine channel catfish 
in South Dakota but in special locations, where these nets prove ineffective (e.g. slack 
water areas, eddies, and low-head dams) cut-carp baited trotlines can be considered as a 
viable alternative. However, baited hoop nets collect varying size structures of channel 
catfish depending on net opening and mesh size so, researchers should carefully consider 
study objectives when selecting net and mesh sizes. This study confirmed findings from 
other studies relating to the effectiveness of trotlines but found that other catfish gears 
caught more catfish and the effects of bait and placement variables need to be considered 
when using trotlines to sample riverine catfish populations. 
Chapter 3 
Big Sioux and James River catfish population assessment 
Introduction 
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Walleye angling has grown explosively over the last decade and before that 
largemouth bass fishing went through a period of exceptional growth. Catfish angling may 
represent the next big growth area in recreational fishing. Catfish angling magazines, 
professional catfish tournaments, and specialized fishing tackle all point toward growth in 
catfish angling. Management agencies will require information on existing populations if 
angler use of catfish resources increases. Currently, knowledge about catfish resources in 
South Dakota is limited especially for flathead catfish (Nickum and Sinning 1971; Walsh 
1992; Braaten 1993; Dieterman 1995; Young et al. 1998; Doorenbos et al. 1999). Data on 
growth and relative abundance are only available for a few channel catfish populations and 
these data need updating (Elrod 1974; Kubeny 1992). Doorenbos et al. ( 1999) summarized 
relative weight data for channel catfish from the Cheyenne, Belle Fourche, James, and 
Moreau rivers. Channel catfish population data are lacking for the Big Sioux River. 
Local anglers, research biologists, and fisheries managers believe an increase in 
trophy angling may reduce catfish population sustainability (Doorenbos et al. 1999). To 
address these concerns, population sampling data should be collected from self-sustaining 
populations of channel and flathead catfish in South Dakota's rivers. Baseline trend data 
need to be collected before substantial increases in angler effort occur. Trend data for 
South Dakota rivers are often used by managers to track population level changes over 
time. Recently other states have conducted surveys of their most important catfish 
resources (MacDonald 1990; Paragamian 1990; Gerhardt and H uben 1991 : Topp et al. 
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1994; Stuaffer et al. 1996). Relative abundance, size structure, age structure, mean-back-
calculated growth, incremental growth, relative weight, and mortality provide biologists 
with an excellent array of indices for future monitoring and trend analysis. The suite of 
indices mentioned above will allow the channel and flathead catfish populations in the 
James and Big Sioux rivers to be compared. 
Methods and materials 
All catfish sampled during this study were collected using trotlines, hoop nets and 
electrofishing as outlined in Chapter 2. 
Fish Handling 
Fish were anesthetized using carbon dioxide and 1) measured for total length to the 
nearest millimeter, 2) weighed to the nearest gram, then 3) released after removal of the right 
pectoral spine for aging (Summerfelt and Smith 1990). No more than 10 spines were 
collected in each 50-mm length group for flathead catfish and in each 30-mm length 
increment for channel catfish. Pectoral spines were placed in paper coin envelopes to dry 
(Devries and Frie 1996). Removal of pectoral spines does not affect survival, but may 
slightly retard growth of catfish (Sneed 1951; Stevenson and Day 1987). 
Aging 
Pectoral spines were sectioned at the distal end of the basal grove using a jewelers 
saw (Sneed 1951; Blouin and Hall 1990). These sections were observed using a 40X micro-
projector and a sub-sample read by a second independent observer to insure precision. 
Spines were aged by counting the number of translucent rings present. Flathead catfish aging 
was double checked with sections taken from the articulating process to assure that early 
growth annuli were not obscured by central lumen erosion in older fish (Turner 1982, 
Stauffer et al. 1996). The focus, annuli, and edge of each spine section were recorded on a 
paper strip, then digitized into Win-Fin software (version 1. 75) for analysis (NGCP 2000) 
Length groups 
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Channel catfish length categories were established by Gabelhouse ( 1984) as substock 
(<280 mm), stock (2:280 mm), quality ~410 mm), preferred ~610 mm), memorable (~710 
mm), and trophy ~910 mm). Flathead catfish length categories were proposed by Quinn 
(1989) as substock (<350 mm), stock ~350 mm), quality ~510 mm), preferred (~710 mm), 
memorable (~860 mm), and trophy ~l,020 mm). These length categories were used for 
relative abundance, size structure, and relative weight analysis. Length increments provide 
finer division of catfish lengths. These length increments were determined as the maximum 
fish length in centimeters divided by 30, resulting in 30 mm categories for channel catfish 
and 50 mm categories for flathead catfish (Anderson and Neumann 1996). Length 
increments were used in growth and length-frequency analysis. 
Population metrics 
To identify changes in the catfish populations of both rivers over time, data used were 
collected from unbaited hoop nets to establish a ratio of channel catfish to flathead catfish. 
Unbaited hoop net data were selected because this gear represents a random collection of 
catfish that encountered these nets without species selectivity or bias associated with baited 
sets. The channel catfish to flathead catfish ratio data allow effects of cumulative ecological 
factors to be measured over time as a function of population composition. This ratio was 
calculated as the number of channel catfish caught divided by the number of flathead catfish 
caught from 48 unbaited hoop nets per river. 
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Catch per unit effort (CPUE) is a measure of relative abundance and was reported as 
the most important index currently used by managers to evaluate catfish populations 
(Michaletz and Dillard 1999). For this study, CPUE data were evaluated for channel catfish 
caught with baited hoop nets and for flathead catfish caught on trotlines baited with live 
black bullheads and reported as CPUE-S (the proportion of fish::: stock length divided by the 
number hoop nets or trotlines set per study segment). Flathead catfish electrofishing data 
was reported as CPUE-S and CPUE-SS (the number of substock length fish divided by the 
time needed to sample each study segment). Different length categories were used when 
reporting CPUE values because of differences in catfish considered fully recruited to each 
gear. Mean CPUE-S and CPUE-SS were calculated for all study segments and a population 
mean was calculated from these results then reported with associated 95% confidence 
intervals (95% CI), depending on the gear used (Conover 1999). Differences between the 
James and Big Sioux rivers were tested using analysis of variance (ANOVA). 
Size structure indices were used to identify the current population structure for both 
nvers. Relative stock densities (RSD-P =number of fish::: preferred length I number of fish 
::: stock length x 100 and RSD-M =number of fish::: memorable length I number of fish::: 
stock length x 100) and proportional stock densities (PSD =number of fish ::: quality length I 
number of fish::: stock length x 100) were calculated for each study segment. The mean PSD 
and RSD-P were calculated from these values and reported with the associated 95% CI for 
each river (Anderson and Neuman 1996). Differences between the James and Big Sioux 
rivers were analyzed using Chi-square test for differences in probabilities (Conover 1999). 
Relative weight [Wr =Weight of fish sampled I standard weight-(Ws) * JOO] was 
used to measure individual fish condition and compare robustness with other populations and 
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between rivers (Murphy et al. 1991). Calculations were based upon standard weights defined 
by Brown et al. (1995) for channel catfish and from Bister et al. (1999) for flathead catfish. 
Mean Wr (±95% confidence intervals) for channel and flathead catfish was calculated then 
reported for 1) substock, 2) stock to quality, 3) preferred to memorable, and 4) memorable to 
trophy length fish for each river. 
Back-calculated mean length-at-age for growth analysis, mean Wr by length 
category, and RSD-P were used because of their correlation to density dependent interactions 
and population condition of catfish (Mitzner 1999). Length-frequency and age-frequency 
histograms were constructed to qualitatively identify population size structure and identify 
trends in recruitment. Incremental growth analysis compared the slope and y-intercept of the 
regression line between rivers using analysis of covariance (ANCOV A). Log-linear 
regressions were used to establish catch curves for each river and species using Win-Fin 
software (version 1.75, NGPC 2000). 
Cohort strength was indexed by catch curve residuals and then related to mean annual 
discharge. Catch curve residuals where obtained age 2 to 12 flathead catfish and age 4 to 12 
channel catfish because only these age groups were considered fully recruited to this studies 
sampling gears. Mean annual discharge for years 1988 to 1998 for flathead catfish and 1988 
to 1996 for channel catfish to match age groups was collected from USGS gauging station 
data (Burr et al. 2000). Data were graphed and trend-lines fitted for a second power 
polynomial and statistically tested using Spearman's rho (Conover 1999). 
Data collection and storage 
All data were recorded on data sheets in pencil with gear data sheets used for each 
gear set and data for each fish were recorded separately on fish collection data sheets. The 
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start and stop times for each gear set were used to identify sheets and the number of sheets 
for each gear set were recorded. Data sheets were copied and kept in separate locations with 
one copy to be archived for 3 years at South Dakota State University (Brown and Austen 
1996). Data were entered into an Excel spreadsheet and a sub sample examined by a second 
researcher to insure quality control. Computers were used to store data. 
Results 
Channel catfish to flathead catfish ratio 
During this study, 1,281 channel catfish were captured, 413 from the Big Sioux 
River and 868 from the James River. Flathead catfish captured during this study totaled 
762 with 177 collected from the Big Sioux River and 585 from the James River. In both 
rivers, channel catfish were more common than flathead catfish when sampled with 
unbaited hoop nets. Channel catfish were caught 3.1 times more often than flathead 
catfish from the Big Sioux River whereas, on the James River, channel catfish were 
caught 4.5 times more often than flathead catfish. 
Gear selectivity 
Data presented in Chapter 2 showed that electro fishing produced few channel catfish 
but caught most of the flathead catfish, although only sma11 flathead catfish appeared to be 
effectively captured by this gear. Large catfish were needed to fulfi11 the objectives of this 
study so flathead catfish data collected from electrofishing were supplemented with data 
collected using trotlines baited with live black bullheads for relative abundance and size 
structure indices. Because baited hoop nets caught large numbers of channel catfish, data 
from this gear were used to calculate relative abundance and size structure for populations 
from both rivers. Large and small hoop nets did not differ in number of channel catfish 
caught but did differ in the lengths of catfish collected (Big Sioux River, F-test, P=0.0003; 
James River, F-test, P=0.032). 
Channel catfish relative abundance and size structure 
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Relative abundance and size structure are gear specific indices, so for clarity and to 
provide information with the most long-tenn utility, relative abundance and size structure 
results were reported for large hoop nets, small hoop nets and combined hoop net catches for 
both rivers (Table 3-1). CPUE-S for the Big Sioux River channel catfish was consistently 
lower for large hoop nets (ANOVA, df=7, P=0.06), small hoop nets (ANOVA, df=7, 
P=0.03), and combined hoop nets (ANOVA, df=7, P=0.02) when compared to similar data 
from the James River. On the Big Sioux River, combined data showed that channel catfish 
abundance was highest around the Highway 18 access and lowest around the Carr·s Landing 
access. On the James River, highest CPUE-S values were recorded for the Wolf Creek 
segment (small hoop net CPUE-S=27.5, large hoop net CPUE-S=l l.75) and lowest values 
were recorded at the Olivet segment (small hoop net CPUE-S=7.8. large hoop net CPUE-
S=8.0). Length frequency histograms also demonstrate that more channel catfish were 
collected from the James River using baited hoop nets than from the Big Sioux River (Figure 
3-1 ). 
Channel catfish PSD values for small hoop nets were similar for both rivers (Table 3-
2). However, large hoop net PSD data indicated that more fish of quality length and longer 
were present in the James River than in the Big Sioux River (X,2, di= 1. P<0.05 }. Large hoop 
net RSD-P values were 25 (± 6) for the James River compared to an RSD-P of 9 (.± 6) for the 
Table 3-1 :- Mean relative abundance [defined as catch per unit effon of stock-length fish 
(CPUE-S)] by study segment for channel catfish collected from the lower Big Sioux and 
James rivers using two different sizes of soybean-baited hoop nets during the summers of 
1999 and 2000. 
Hoop net CPUE-S 
Study segment 
Small1 
~ 
Large~ 
Big Sioux River 
Klondike 2.67 5.33 
Highway 18 2.33 9.33 
Carr's Landing 0.25 1.75 
Akron 3.83 7.17 
Westfield 5.00 1.50 
Population Mean4 2.8 (± 2.5) 5.0 (± 3.0) 
James River 
Wolf Creek 27.50 11.75 
Olivet 7.75 8.00 
Highway 81 12.00 10.25 
Population Mean4 15.8 (± 5.7) 10.0 (± 1.8) 
1 Small hoop nets had 0.6-m openings and 25-mm mesh. 
2 Large hoop nets had 0.8-m openings and 38-mm mesh. 
Combined3 
4.0 
5.83 
1.00 
5.50 
3.25 
3.8 (2: 2.5) 
19.63 
8.00 
11.13 
I 1.7 (::!: 3.2) 
3 Catch data for both hoop net sizes were pooled before calculating CPUE-S. 
4 Significant difference between rivers for each hoop net category, Ps0.06: (::95% 
confidence interval) calculated from variation between study segments. 
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Figure 3-1 :- Length-frequency histograms representing channel catfish captured using large 
and small soybean baited hoop nets from the Big Sioux (A) and James (B) rivers during the 
summers of 1999 and 2000. 
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Table 3-2:- Comparison of size structures(± 95% confidence intervals) for catfish collected 
from the James and Big Sioux Rivers during the summers of 1999 and 2000. Proportional 
stock density (PSD) and relative stock density (RSD-P =the number of catfish?. preferred 
length/ the number of catfish ?. stock length x I 00; RSD-M = the number of catfish ?. 
memorable length/ the number of catfish 2: stock length x 100) for smalJ (SH) and large (LH) 
hoop nets baited with soybean cake, electrofishing (EF), and trotlines (TL) baited with live 
black bullheads. 
Gear 
James River Big Sioux River 
used 
PSD RSD-P RSD-M PSD RSD-P RSD-M 
Channel catfish 
SH1 47 (± 6) 7 (± 3) 2 (± 2) 49 (± 13) 10 (± 8) 2 (± 2) 
LH2 88 (± 4) 25 (± 6) 4 (± 3) 70 (± 8) 9 (:t 6) 1 (± 2) 
Flathead catfish 
EF3 57 (± 6) 18 (± 5) 9 (± 4) 26 (± 12) 4 (± 8) 0 
TL4 98 (± 4) 26 (± 13) 4 (± 6) 77(± 15) 19(± 14) 3 (± 5) 
1 Small hoop nets had 0.6 m openings and 25 mm (bar measure) mesh. 
2 Large hoop nets had 0.8 m openings and 38 mm (bar measure) mesh. 
3 Electrofishing was conducted down stream using 20 Hz pulsed DC. 
4 Trotlines had 10 hooks each. 
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Big Sioux River (X2, df=l, P<0.01). More channel catfish of preferred length and longer 
were collected in large hoop nets from the James River than the Big Sioux River. Length-
frequency analysis showed that small hoop nets collected few fish over preferred length so 
large hoop nets provided more information about longer length categories of catfish. 
Small hoop nets caught a wider length distribution of channel catfish in the James River 
and all lengths of fish were sampled with small hoop nets on the Big Sioux River (Figure 
3-1 ); thus, small hoop nets may represent a better gear for collecting population data. 
Flathead catfish relative abundance and size structure 
James River flathead catfish relative abundance was higher (Table 3-3) than that 
found on the Big Sioux River. The magnitude of this trend was greater for sub-stock-
length fish collected using electrofishing than for stock-length fish collected using live 
baited trotlines (Table 3-3). On the Big Sioux River CPUE-ss was highest for flathead 
catfish at the Westfield access and CPUE-s for trotlines was highest at the Akron access area. 
Only one flathead catfish was collect using trotlines at both the Highway 18 and Klondike 
study segment while no flathead catfish were collected from either study segment using 
electrofishing gear. More flathead catfish were collected downstream of the Carr's 
Landing study segment than above. On the James River, electrofishing CPUE-ss was 
highest for the Olivet study segment while the trotline CPUE-s was lowest. The highest 
values of CPUE-s for trotlines were reported for the Wolf Creek study segment but this 
site also had the lowest value for CPUE-ss. Experimental design placed more effort 
within the Highway 81 study segment when compared to other study segments. which 
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Table 3-3:- Catch per unit effort (CPUE) by study segment for flathead catfish collected from 
the James and Big Sioux rivers using trotlines and 20-HZ pulsed DC electrofishing during the 
summers of 1999 and 2000. 
Pulsed DC electrofishing Trot lines 
Study segment 
CPUE-SS1 CPUE-S2 CPUE-S3 
Big Sioux River 
Klondike 0 0 0.17 
Highway 18 0 0 0.17 
Carr's Landing 2.97 1.67 0.75 
Akron 7.95 5.43 1.08 
Westfield 9.98 6.53 0.63 
Population Mean4 6.0 (± 4.0)* 2.7 (± 3.0) 0.5 (:t 0.5)** 
James River 
Wolf Creek 27.50 11.75 19.63 
Olivet 7.75 8.00 8.00 
Highway 81 12.00 10.25 11.13 
Population Mean4 15.8 (± 5.7)** 10.0 (± 1.8) 11.7 (:t 3.2)* 
1 CPUE-ss = number of substock length flathead catfish caught per hour. 
2 CPUE-s reported in number of stock-length flathead catfish caught per hour. 
3 CPUE-s reported in number of stock-length flathead catfish per 10 hook trotline baited with 
live black bullheads. 
4 (±95% confidence intervals) calculated from variation between study segments. 
* Significant difference between rivers, P<0.1. 
** Significant difference between rivers, P<O.O l. 
- - --------- . --- -
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Figure 3-2:- Length-frequency histogram for flathead catfish collected using low frequency 
pulsed DC electrofishing from the Big Sioux (A) and James (B) rivers during the summers of 
1999 and 2000. 
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reduced CPUE variability so longitudinal trend data were difficult to assess for the James 
River. 
Low frequency pulsed DC electrofishing sampled more flathead catfish of all 
sizes from the James River than the Big Sioux River (Figure 3-2). Relative stock density and 
PSD values were higher for the James River than the Big Sioux River across all size 
categories (PSD, x2, df=l, P<0.001; RSD-P, x2, df=l, P<0.005; RSD-M, x2, df=l, 
P<0.01 ). However, the length-frequency histogram for live-bait trotlines showed a similar 
length distribution for flathead catfish from both rivers but more flathead catfish were 
collected from the James River (Figure 3-3). Trotlines baited with live black bullheads 
caught a higher proportion of quality length flathead catfish on the James River (PSD 98± 
4) than on the Big Sioux River (PSD 77± 15) but RSD-P did not differ (PSD, x2, df=l, 
P<0.005; RSD-P, x2, df=l, P<0.3) between rivers (Table 3-2). 
Relative Weight 
Channel catfish from the Big Sioux and James rivers showed a typical U-shaped 
distribution for Wr (Doorenbos et al. 1999). All sizes of channel catfish were in good 
condition except for the largest fish collected from the Big Sioux River (Figure 3-4). Sub-
stock channel catfish from the Big Sioux River were found to be in better condition than 
those from the James River (Table 3-4). Channel catfish longer than stock length collected 
from the Big Sioux River showed a negative relationship between relative weight and length. 
Big Sioux River channel catfish in the memorable to trophy length category had a mean Wr 
of 77 ± 3.5 and the James River channel catfish in the same length category had a mean Wr 
of94 ± 2.6 (Table 3-4). Flathead catfish from both rivers were in excellent condition (Wr 
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live black bullheads from the Big Sioux (A) and James (B) rivers during the summers of 
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Figure 3-4:- Relative weight for channel catfish collected from the Big Sioux (A) and James 
(B) rivers during the summers of 1999 and 2000 with reference line at Wr=IOO. 
Table 3-4:- Mean relative weights (± 95% confidence intervals) for four size categories of 
channel catfish and flathead catfish collected from the lower Big Sioux and James rivers 
during the summers of 1999 and 2000. 
Length category Big Sioux River James River 
Channel catfish 
Substock (< 280 mm) 110 (± 4.6) 99 (± 0.2) 
Stock to Quality (280-410 mm) 85 (± 2.8) 83 (± 0.3) 
Quality to Preferred ( 410-609 mm) 85 (± 2.9) 84 (± 0.1) 
Memorable to Trophy (710-909 mm) 77 (± 3.5) 94 (± 2.6) 
Flathead catfish 
Substock (< 350 mm) 98 (± 12) 95 (± 0.6) 
Stock to Quality (350-510 mm) 88 (± 3.0) 91 (± 0.7) 
Quality to Preferred (510-709 mm) 91 (± 1.3) 94 (± 0.2) 
Memorable to Trophy (860-1020 mm) 94 (± 0)3 114 (± 4.9) 
a 95% confidence interval could not be calculated based on sample size (n= I). 
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Figure 3-5:- Relative weights of flathead catfish collected from the Big Sioux (A) and James 
(B) rivers during the summers of 1999 and 2000 with reference line at Wr=IOO. 
near 100) across all sizes ranges (Figure 3-5). Stock-length flathead catfish collected from 
the James River had higher mean Wr values than flathead catfish from the Big Sioux River 
(Table 3-4). Mean Wr values were highest for memorable to trophy length fish collected 
from the James River (114 ± 4.9). 
Growth and population comparisons 
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Length-at-capture analysis showed that James River channel catfish were longer 
at all ages (except age-2) than those collected from the Big Sioux River (Table 3-5). 
Flathead catfish followed the same pattern except that 15 tol 7-year-old fish were longer 
in the Big Sioux River (Table 3-6); however, sample sizes were small (James River n=l2, 
Big Sioux River n=4). Age-frequency analysis showed that recruitment occurred 
annually but year-to-year recruitment was variable for channel catfish in both rivers 
(Figure 3-6). These data show a large cohort of age-4 channel catfish in both rivers and 
recruitment was higher for fish <age-8. Flathead catfish age-frequency results were 
likely biased due to gear selectivity but a large age-2 cohort existed in both rivers (Figure 
3-7). Flathead catfish of every age were collected from both rivers so some level of 
recruitment must be occurring annually. These data suggest that Big Sioux River 
flathead catfish recruitment was more consistent than recruitment in the James River. 
During this study, age-0 flathead and channel catfish were observed in both rivers. 
Mean back-calculated total length at age for channel catfish was greater for the James 
River than the Big Sioux River across all ages (Table 3-7). Big Sioux River channel 
catfish growth was less than the regional mean, and based on growth standards proposed 
by Hubert (1999), ranked between the 25th and 50th percentile, except age-9 fish that 
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Table 3-5:- Weighted mean length (mm) and range oflengths at capture for channel 
catfish from the James and Big Sioux rivers during the summers of 1999 and 2000. 
Big Sioux River a. James River 
Age Minimum Mean Maximum Minimum Mean Maximum 
length at length at length at length at length at length at 
capture capture capture capture capture capture 
1 62 78 116 
2 164 181 189 107 165 229 
3 174 233 261 189 247 280 
4 223 261 380 231 313 407 
5 263 320 448 264 361 453 
6 290 355 647 294 460 576 
7 304 377 638 363 513 649 
8 312 448 707 460 573 681 
9 410 518 728 425 624 743 
10 526 580 727 606 683 780 
11 504 573 673 523 651 821 
12 497 563 642 686 730 796 
13 576 617 658 791 798 801 
a Age data based on fish collected from additional effort to obtain more precise age 
information. 
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Table 3-6:- Weighted mean length and range oflength at capture for flathead catfish from 
the James and Big Sioux rivers during the summers of 1999 and 2000. 
Big Sioux River James River 
Age Minimum Mean Maximum Minimum Mean Maximum 
length at length at length at length at length at length at 
capture capture capture capture capture capture 
I 122 146 162 103 124 148 
2 165 221 298 168 215 274 
3 230 285 341 257 313 399 
4 313 380 513 341 400 455 
5 325 449 520 371 454 532 
6 485 520 577 478 566 636 
7 508 563 601 552 613 708 
8 558 666 740 544 620 710 
9 591 629 679 660 715 805 
10 607 716 776 669 774 863 
11 657 716 793 785 849 921 
12 776 776 776 771 876 917 
13 703 723 743 825 935 1,035 
14 1,140 1,140 1,140 875 925 980 
15 815 815 815 881 908 930 
16 893 989 1,085 917 957 996 
17 955 983 1,010 
18 1,018 1018 1,018 
19 1,002 1023 1,048 
20 1,025 1025 1,025 
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Figure 3-6:- Age frequency of channel catfish collected from the Big Sioux (A) and James 
(B) rivers during the summers of 1999 and 2000. Big Sioux River samples were 
supplemented by fish from another study that occurred at the same time and in the same 
study segments (Kirby 2001 ). 
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Table 3-7:- Channel catfish weighted mean back-calculated total length at age for populations from this study and others. 
River (State) 
James (SD) 
Big Sioux (SD-IA) 
James (SD) 
Belle Fourche (SD) 
Channelized Missouri (NE) 
Unchannelized Missouri (NE) 
Niobrara (NE) 
Little Nemaha (NE) 
Mississippi (IA) 
Cedar (IA) 
Des Moines (IA) 
Des Moines (IA) 
Des Moines lobe (IA) 
Northwest Iowa Plains (IA) 
Southern Iowa Drift Plain (IA) 
Iowan Surface 
Red (MN-ND) 
St. Louis (MN) 
Powder River (WY) 
Powder River (WY) 
Belle Fourche (WY) 
Red River (Manitoba) 
lake Ohae (SD) 
lewis and Clark (SD) 
lake Sakakawea (ND) 
North central regional mean or 
means based studies listed above 
Reference 
(Present study) 
(Present study) 
(Kubeny 1992) 
(Doorenbos 1998) 
(Hesse et al. 1982) 
(Hesse et al. 1982) 
(Hesse et al. 1982) 
(Hesse et al. 1982) 
(Shoumacher and Ackerman 1965) 
(Shoumacher and Ackerman 1965) 
(Harrison 1957) 
(Muncy 1959) 
(Paragamian 1990) 
(Paragamian 1990) 
(Paragamian 1990) 
(Paragamian 1990) 
(Topp et al. 1994) 
(Stone 1993) 
(Smith and Hubert 1989) 
(Gerhardt and Hubert 1991) 
(McDowell 1986) 
(MacDonald 1990) 
(Starostka and Nelson 1974) 
(Walburg 1964) 
(Wahtola 1969) 
Age 
1 2 3 4 5 6 7 8 9 10 11 12 13 
106 192 268 333 395 457 510 558 601 644 672 729 781 
99 175 234 279 327 377 421 466 510 535 546 560 602 
119 188 252 284 342 407 466 506 559 597 618 690 
130 190 230 266 295 316 374 419 467 507 
155 217 282 324 365 395 456 475 
195 236 263 294 333 382 441 482 
162 212 235 260 285 315 381 
137 205 238 278 329 366 432 468 503 642 
320 391 427 460 518 541 526 
180 251 307 437 483 523 538 
140 178 218 239 302 307 345 363 368 447 
46 124 196 257 312 381 442 490 546 617 645 640 676 
84 151 218 273 333 365 434 455 462 516 
170 233 285 334 376 391 
153 180 251 317 370 416 444 495 457 
102 182 243 292 345 388 449 505 498 
129 167 195 309 325 356 383 416 470 523 581 613 654 
168 241 259 323 348 378 404 442 483 508 518 528 
257 295 345 388 444 491 544 576 595 622 
241 265 293 339 390 440 513 580 568 595 619 
236 257 307 338 414 455 549 
248 284 329 378 442 476 493 496 610 671 647 711 
113 193 266 333 390 439 480 515 537 
108 157 205 248 284 327 378 446 505 
115 173 227 272 315 361 403 444 484 531 569 614 
126 185 242 290 338 383 430 471 496 551 584 623 653 
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ranked slightly higher (Kirby 2001). James River channel catfish growth was faster for 
all ages of fish when compared to regional means except those of age 1. Jam es River 
channel catfish ranked between the 75th and 90th percentile when compared to the 
standards proposed by Hubert (1999) for all ages except age-3, which was slightly lower. 
These data showed growth of channel catfish from the James River was consistently 
higher than growth reported by Kubeny (1992) except for age 1 fish, which grew slower 
(Table 3-7). Flathead catfish from the Big Sioux River grew slower than fish from the 
James River for most ages except those of age 1, 2, 15, and 17 (Table 3-8). Big Sioux 
River flathead catfish had slower growth than the regional mean for all ages of fish 
except age 2. James River flathead catfish showed comparable or faster growth than the 
regional mean except for the youngest and oldest fish (Table 3-8). 
Incremental growth analysis showed the slope (T=2.81, df=3, P=0.0054) and y-
intercept values (T=-5.09, df=3, P<0.0001) for channel catfish from the lower James 
River were different when compared to the lower Big Sioux River (Figure 3-8). Thus, 
incremental growth during the last growing season was significantly faster across all 
lengths ·of channel catfish from the James River when compared to the Big Sioux River 
but the magnitude of the difference between the lines was smaller for large fish than 
small fish. Flathead catfish incremental growth analysis showed the slope (T= 1.41, df=3, 
P=0.1602) did not differ between rivers and y-intercept values (T=-3.82, df=3, P=0.0002) 
for the lower James River were different when compared to the lower Big Sioux River 
(Figure 3-8). Thus, incremental growth was significantly faster across all lengths of 
flathead catfish from the James River when compared to the Big Sioux River. 
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Figure 3-8:- Incremental growth of channel catfish (A) and flathead catfish (B) collected 
during the summers of 1999 and 2000 from the Big Sioux and James river, SD. 
Table 3-8:- Flathead catfish weighted mean back-calculated total length at age for populations from this study and others. 
River (State) 
James (SD) 
Big Sioux (SD) 
Minnesota (MN) 
Missouri (NE) 
Des Moines (IA) 
Mississippi (IA-IL) 
Salt (MO) 
Neosho (KS) 
Big Blue (KS) 
Des Moines (IA) 
Regional 
Reference 
(Present Study) 
(Present Study) 
(Stauffer et al. 1996) 
(Morris el al. 1971) 
(Mathew 1969) 
(Barnickol and Starrett 1951 ) 
(From Carlander) 
(From Carlander) 
(From Carlander) 
(From Carlander) 
(Mean of Means) 
Age 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
83 186 294 385 468 539 599 650 707 755 793 827 858 887 910 939 960 984 997 1014 
92 188 266 350 437 507 558 622 662 700 735 775 816 868 945 876 971 
96 194 319 435 520 584 648 703 751 798 631 875 924 947 970 
93 184 273 356 451 520 603 642 691 776 819 842 
142 269 393 469 550 600 674 714 
178 254 305 386 444 533 610 660 711 838 902 940 978 991 
52 76 155 231 300 348 421 452 503 599 
79 97 226 320 391 437 
74 142 262 366 483 630 701 773 
76 163 236 333 439 526 612 676 747 811 862 902 927 
97 175 273 363 448 522 603 655 682 754 824 844 893 920 954 
6 --Q) 5 -
Q) 
Ul 
~ 4 -
C> 
~ 3 -... 
Q) 2 -
.0 
E 
1 -:J z 
0 
1 
6 -
QI 5 -
Q) 
Ul 
<ti 4 -CD 
C> 
0 3 -_, -... cu 2 -..0 
E 
:::J 1 -z 
A 
2 
B 
3 4 5 6 7 8 9 10 11 12 
Age 
2 3 4 5 6 7 8 9 10 11 12 
Age 
-Observed 
Predicted 
-Observed 
Predicted 
Figure 3-9: - Catch curve analysis comparing observed and predicted number of channel 
catfish by age collected form the Big Sioux River (A) and James River (8), SD during the 
summers of 1999 and 2000. 
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catfish by age collected form the Big Sioux River (A) and James River (B), SD during the 
summers of 1999 and 2000. 
54 
Minimum total mortality 
Total annual mortality for channel catfish from the Big Sioux River was 17% and 
16% for the James River (Figure 3-9). Total annual mortality was estimated as 22% for 
flathead catfish on the Big Sioux River and 21 % for the James River (Figure 3-10). Total 
annual mortality estimates are probably conservative and represent a minimum estimate 
because extensive effort was directed toward collecting large fish. 
Stream discharge 
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Big Sioux River annual flow data indicate high water years have occurred since 1992, 
and 1993 was an exceptionally high flow year (Figure 3-1 ·l ). Flows during this study were 
higher than the historic norms but were not extreme. James River annual flow data show 
high water has existed since 1993 and flows peaked in 1998 but have remained exceptionally 
high since (Figure 3-12). Flows during this study were several times higher than historic 
norms. High water is predicted to continue above normal in 2001 (Ralph Roza, U.S. Army 
Corp of Engineers, personal communication). 
Annual discharge to cohort strength relationship 
There was a significant correlation between catch curve residuals and annual mean 
discharge for channel catfish from both the James and Big Sioux Rivers (Figure 3-13). 
Annual discharge accounted for 23% (Big Sioux River, r2=0.232) to 38% (James River, 
r2=0.379) of the variation in channel catfish cohort strength. Larger cohons resulted when 
flows were between 35 and 60 m3/s for the Big Sioux River and between 35 and 55 m3/s for 
the James River. Residual analysis for _flathead catfish was less conclusive, especially for the 
James River. However, cohort strength was correlated with discharge for flathead catfish 
from the Big Sioux River (r2=0.301). Big Sioux River flathead catfish produced larger 
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cohorts at high discharges and smaller cohorts during periods of low annual discharges 
except during extreme periods of high discharge (Figure 3-14). 
Discussion 
The lower Big Sioux and James rivers both drain watersheds in the same 
ecoregion and both catfish communities contained more channel catfish than flathead 
catfish. However, when one compares these two populations for abundance, size 
structure, relative weight, and growth indices, they are distinctly different. The Big 
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Sioux River produced many small catfish with high Wr values but growth and condition 
declined as catfish reach larger sizes. The James River produces a wider length range of 
abundant catfish and condition is maintained while growth is rapid. The James River 
catfish population represents a high quality resource that is capable of producing numbers 
of trophy catfish for anglers provided adequate flows are maintained and exploitation 
remains low. The Big Sioux River is capable of producing trophy-sized flathead catfish 
but channel catfish production seems limited to fish below trophy size. 
Abundance and size structure data indicate that the lower James River supports 
more and larger fish than the lower Big Sioux River. Exploitation differences between 
rivers could account for these differences, but only qualitative observations were 
available. South Dakota State University, The Mississippi Interstate Cooperative 
Resource Association (MICRA), and In-Fisherman Catfish-Insider Magazine recently 
finished a survey of catfish anglers in 28 states that comprise MICRA (Arterburn et al. 
200 l ). These data were compiled from 4,028 completed surveys reported for all 28 states 
within the Mississippi River basin. Results from South Dakota respondents showed 
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78. l % of surveyed anglers did not believe that the South Dakota Department of Game 
Fish and Parks placed enough emphasis on catfish management. The majority of these 
anglers took 10-24 trips to fish for catfish annually traveling an average of>l61 km (100 
miles) per trip to fish with hook and line (96.9%) on small or medium sized rivers. 
Surveyed anglers pursued channel catfish most often, and considered channel catfish 
longer than 740 mm (29 inches) and flathead catfish longer than 860 mm (34 inches) 
trophies. During the next year, 78.1 % of surveyed anglers said they would take at least 
one trip to pursue a trophy catfish even though they do not consider themselves trophy 
anglers. Although only 32 respondents were from South Dakota, their responses were 
similar to respondents from all 28 states. 
Trotline anglers were observed setting trotlines on the lower Big Sioux River 
regularly with none observed on the James River and all observed trotline anglers were 
using large live bait. Stauffer et al. (1996) and results presented in Chapter 2 showed that 
using large live bait selected for large catfish. Gerhardt and Hubert ( 1991) found that 
even low levels of exploitation (18-22%) on channel catfish would reduce size structure 
and numbers of fish in large size-classes. Exploitation data are lacking for channel and 
flathead catfish in both rivers so research on exploitation would augment results of this 
study. However, abiotic and biotic controls likely account for most differences found 
between rivers in growth or condition, unless most Big Sioux River anglers selectively 
harvest large catfish and most James River anglers do not. 
James River channel catfish exhibited faster growth across most lengths, and large 
fish had higher Wr values than channel catfish from the Big Sioux River. Condition (Wr) 
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has been correlated with growth for other game fish species but more commonly, strong 
correlation exists between Wr and prey availability (Wege and Anderson 1978; Guy and 
Wi1lis 1995; Marwitz and Hubert 1997; Porath and Peter 1997, Kirby 2001). The three 
most abundant prey species in the lower Big Sioux River include sand shiners Notropis 
ludibundus, fathead minnows Pimephales promelas, and red shiners Cyprinella /utrensis. 
Large prey items that are abundant in the Big Sioux River include common carp and 
channel catfish (Dieterrnan 1995; Dieterman and Berry 1998). The three most abundant 
prey species in the lower James River are gizzard shad Dorosoma cepedianum, emerald 
shiners Notropis atherinoides, and red shiners Cyprinella lutrensis according to recent 
studies (Walsh 1992; Shearer 2001 ). Food habit studies have shown channel catfish 
>410 mm in Lake Oahe (Hill et al. 1995) and flathead catfish > 300 mm feed mostly on 
fish (Quinn 1987). Several studies have identified gizzard shad and ictalurids as the most 
commonly selected prey species for catfish but other abundant fish species are commonly 
found in catfish stomachs (Minckley and Deacon 1959; Turner and Summerfelt 1970; 
Ashley and Buff 1987). 
Managers have stocked gizzard shad to enhance growth and abundance of many 
predatory sport fishes (DeVries and Stein 1990). Gizzard shad are a preferred prey 
species because they have high fecundity, high caloric-value, high vulnerability, and 
lastly, gizzard shad have few defensive morphologies thus, reducing handling time for 
predators. Therefore, the higher abundance of gizzard shad found in the James River 
could explain why these catfish grow faster and are in better condition at longer lengths 
than Big Sioux River catfish. Lower gizzard shad abundance in the Big Sioux River 
"8iW!'l l£l q ., U:I! . ¢.SU. kli¢S$1Nti ·. $($ I Vitttliiil.in v 11v&ltliiM66iili& 
63 
could result from higher turbidity, higher velocities, or pollution problems, any one of 
whi~h can limit gizzard shad distributions (Pflieger 1997; Dietennan and Berry 1998). 
Poff and Ward ( 1989) reported that both abiotic and biotic controls are involved in 
structuring riverine fish communities. Fish community differences in the James and Big 
Sioux Rivers are a function of abiotic controls that affect biotic processes influencing 
catfish growth and condition. Further research into predator-prey relationships of 
channel and flathead catfish in the lower James and Big Sioux rivers and analyzing flow 
data in multi-dimensional space as outlined in Poff and Ward (1989) would provide 
clearer understanding of these ecological processes. 
High discharges in the past eight years were correlated with an increase in the 
abundance of flathead and channel catfish. Also, growth rates for channel catfish in the 
James River during this study were faster than those found during low water years by 
Kubeny (1992). Both findings provide support for the flood pulse theory that lateral 
energy flow from the floodplain increases river productivity (Junk et al. 1989). This 
study supports the flood pulse concept, which states: for unmodified floodplains, the 
fluctuations in hydrologic regimes are the most outstanding feature affecting variation in 
fish yield (Risotto and Turner 1985). Increased recruitment from high flows could result 
from increased 1) quality spawning locations flooded during high flow years, 2) nutrient 
inputs and access to highly productive backwater areas, or 3) juvenile survival because of 
reduced predation. Mean annual discharges between 35 and 55 m3/s for the James River 
and 35 to 60 m3/s for the Big Sioux River with a natural hydrograph (Figure 1-2) 
represents preferred flows for catfish growth and recruitment. If these natural flows 
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continue catfish fisheries on both rivers will be enhanced by improving habitat quality 
and quantity. 
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The objective of this study was to assess the flathead catfish and channel catfish 
populations of the Big Sioux and James rivers to establish baseline data by examining 
several indices that could be used for future monitoring with an emphasis on catfish of 
pref erred length and longer. This study provides a suite of indices describing the status 
of flathead and channel catfish populations in the James and Big Sioux rivers and 
provides guidance for future data collection. Future researchers using this study for 
comparison should be aware of variability between years, discharges, locations, gears, 
baiting, and the effect these have on different indices. Results of this study extended 
beyond this basic objective by providing evidence that connects cohort strength with 
mean annual discharge and support of two important river ecology theories. First, 
examining data from this study between years for channel catfish showed rare support for 
the flood pulse theory (Junk et al. 1989) on a local scale. Lastly, data comparing the Big 
Sioux and James River suggest support that both seasonally biotic and abiotic controls 
influence prairie streams in South Dakota as characterized by Poff and Ward ( 1989). 
Management recommendations 
South Dakota has an opportunity to develop a trophy catfish fishery on the James 
River that could attract anglers from neighboring states like Iowa and Nebraska where 
catfish are the top sportfish species pursued by anglers. Current biological and 
hydrological conditions on the James River provide an opportunity to establish a trophy 
catfish fishery. A trophy catfish fishery has support from local and regional anglers. So 
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actively managing this river by putting restrictive bag and/or length regulations in place 
would act to promote and preserve this special fishery. Selective waters have been 
managed for small user groups before in South Dakota for fishes such as tiger 
muskellunge Esox masquinongy x Esox /ucius and largemouth bass Micropterus 
sa/moides. Perhaps it is time to develop a trophy catfish fishery as well. 
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The lower James River does not currently have a reputation as a trophy catfish 
fishery. Harvest regulations could enhance public awareness of the lower James River 
fishery while protecting existing large channel and flathead catfish. Any regulation 
should allow harvest of small catfish below 560 mm (22 in) to satisfy angler desires to 
harvest catfish. Conserving trophy flathead and channel catfish is possible without the 
need for complicated species-specific regulations and I propose three possible options 
that would also maintain the 10 catfish daily creel on the lower James River. The first 
option allows only one catfish in the daily creel to exceed 560 mm (22 in); this regulation 
would primarily benefit flathead catfish. The second option is a protected slot regulation 
requiring the release of alJ catfish between 560 mm (22 in) and 710 mm (29 in); this 
regulation would primarily benefit channel catfish. The final regulation combines the 
previous two options by using a 560 to 710 mm (22-29 in) protected slot regulation while 
allowing only one catfish in the daily creel that exceeds 710 mm (29 in); this regulation 
would conserve the most trophy channel and flathead catfish. The alternative to these 
three options is to do nothing. 
The worst-case scenario of placing harvest regulations on the lower James River 
is that flows will return to historic levels or below, and many of the catfish from this river 
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will emigrate ending up in the Missouri River. Anglers believe regulations that are more 
stringent should improve their catch rates, but there are no guarantees, hydrologic 
conditions, disease out-breaks, increased exploitation, or invasive species could all 
negatively impact this fishery. Anglers who regularly harvest large catfish and perhaps 
those persons involved in local catfish tournaments that have remote weigh-in sites could 
be negatively impacted. Any regulation should be monitored and adjusted, especially 
because the proposed regulations are unique and little infonnation is currently available 
for using regulations to manage catfish populations. Any regulation changes on the lower 
James River fishery should be monitored closely (at least biannually) by sampling with 
baited hoop nets for channel catfish and 20 Hz-pulsed DC electrofishing and live baited 
trotlines for flathead catfish. 
The lower Big Sioux River represents a channel catfish fishery where harvest 
should be encouraged; however, some potential for producing large flathead catfish does 
exist. A small number of anglers using setlines baited with live bait could impact the 
availability oflarge flathead and channel catfish to other anglers. If both Iowa and South 
Dakota banned the use of live-baited setlines then more lower Big Sioux River anglers 
would have a chance of catching a large flathead catfish by switching setline harvest to 
channel catfish. This type of regulation would still allow the use of cut bait setlines that 
catch a wider range of mostly channel catfish while allowing continuation of this 
traditional catfishing method. Another option for the lower Big Sioux River is to do 
nothing because I) this river has little trophy potential, 2) recent studies have found that 
the fish population is stable, and 3) anglers tend to be satisfied with the angling 
experience on this river (Doorenbos et al. 1996; Doorenbos et al. 1999). 
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